Non-pharmacological and non-surgical transcranial stimulation of the nerve function may become a new and very effective treatment of cranial nerve diseases. In this paper, a low-intensity portable ultrasound system was designed, which includes the arc-phased array and the ultrasonic electronic system. The arc phased array is composed of 203 single transducers. The electronic system includes ultrasonic signal generator, amplifier and delay unit. The system can independently modulate the frequency of 203 output signals and its frequency resolution is less than 1Hz, the phase difference is adjustable and less than 0.1degrees. It can focus on different parts of the brain by controlling the delay parameters.
INTRODUCTION
Brain stimulation is widely used in basic scientific research and clinical practice. In recent years, more and more attention has been paid to the transcranial ultrasound stimulation because of its high spatial resolution and non-invasiveness. Ultrasound has been used in clinical treatment such as Parkinson's disease, chronic neuralgia and depression [1] [2] .
Ultrasound generator is an indispensable tool for studying ultrasonic brain stimulation, but there is no suitable off-the-shelf instrument at present due to the complexity of experimental conditions. In this paper, a new low-intensity portable _________________________ Jiaxing Yang, Hong Zhang, Xi`an University of Science and Technology, Xi`an, China, 710054 ultrasound system was designed, and it has the advantages of high precision, wide band and good expansibility.
OVERALL SYSTEM DESIGN
The structure of the ultrasound system is shown in Figure 1 . It can be seen from Figure 1 that the overall system consists of arc phased array transducer and electronic system. The frequency of the electronic system varies from several hundred thousand of hertz to several megahertz. The final output power can reach tens of watts. In terms of waveforms, brain stimulation usually uses ultrasound pulse trains with specific durations. The width of each pulse, the pulse time interval, and the pulse repetition frequency (PRF) are all adjustable.
The electronic system consists of three parts--digital board, amplifier board and motherboard. The digital board generates signal and controls the phase, the power board amplifies the signal, and the motherboard connects all the parts with phased array transducer. The system generates 203-channels waveforms to drive the phased array transducer. Due to the advantages of parallel processing in the field programmable gate array (FPGA), the phase of each channel signal can be independently controlled. Phased array transducer converts ultrasound signal into ultrasonic radiation force, which is focused by ultrasonic phase superimposition. Ultrasonic radiation force can stimulate the brain to cure the disease.
ARC PHASED ARRAY
The array transducer is designed into a helmet shape which is more fit for the head and is convenient to debug. The structure is shown in Figure 2 . The focal length is set to 10 cm to guarantee that the focus can reach any direction of the brain. The phased array consists of 203 transducers and each transducer operates on 1MHz.
Piezoelectric material is the most important part of the phased array transducer. When the piezoelectric material is under pressure, there will be voltage. On the contrary, when there is voltage at both ends of the piezoelectric material, it will vibrate to form ultrasound [3] [4] . Piezoelectric ceramic transducer (PZT) is used as the phased array transducer material.
Arc Phased Array Focusing Algorithm
The time from each array element to the focal point of the ultrasound is different. Ultrasound phased array focus deflection and dynamic anodization can be achieved by changing the delay of each transducer [5] . So, the delay of each array element in the transducer must be controlled to focus on some given point.
As shown in Figure 3 , 'P' denotes focus coordinates, 'B' denotes corresponding element coordinates, 'O' denotes the origin point, ' ' denotes beam centerline deflection angle. The delay of each array element corresponding to focal points can be calculated by the cosine theorem.
(1) Path difference (2) Because the speed of the sound in the water C=4.6m/s, the delay required for each array element can be calculated by equation (3) .
Where 't0'denotes a constant that avoids negative delays, 0<n<204.
ELECTRONIC SYSTEM
The overall electronic system structure is shown in Figure 4 . First, the host computer communicates with the FPGA by USB. The computer transmits the data to FPGA, including the control command, the underlying hardware of the various settings parameters and the delay of each element. FPGA saves the parameters to the ROM. The DDS/PLL module is responsible for generating the waveform data, then send to the D/A control module. Moreover, the digital waveform signal through the signal processing circuit D/A conversion signal filtering and gain control, the final output of the required ultrasonic analog signal [6] . Digital board integrates optical interface to facilitate debugging, the upgrade and expansion.
Signal Transmitting Board
The PLL with clock frequency multiplication, frequency division, phase offset, programmable duty cycle and external clock output and other functions. It's a closed loop phase control system that tracks the phase of the input signal and locks itself. Achieve automatic tracking of the input signal frequency and phase. Precise control of the phase of each channel can achieved. Choose 5CGXFC7D7 FPGA chip to meet the 203-channel output required I / O port. In order to verify that every channel of the system can satisfy any delay parameter, we tested the output of any two channels and found that the phase error between the two channels was almost zero, which proves that the system can achieve high-precision phase control.
Amplifier and Impedance Matching
In order to achieve high efficiency, power amplifier must work in the switch state. As shown in Figure 6 , power MOSFETs T1 and T2 form a push-pull output class D amplifier [7] . Impedance matching is the practice of designing the input impedance of an electrical load or the output impedance of its corresponding signal source to maximize the power transfer or minimize signal reflection from the load [8] . The Butterworth-van-dyke (BVD) model is shown in Figure 7 , where is the capacitance of the piezoelectric wafer, mechanical vibration system is represented by series resonant circuit . At the series resonance frequency , the reactance of is canceled out, and the transducer can be seen as a parallel of and . If chosen ultrasonic frequency belong to the passband of the resonant circuit, use L-type matching circuit to convert the sensor impedance to the amplifier load impedance at frequency fT. From the amplifier output point of view, the matching circuit and the transducer form a series resonant circuit which resonant frequency is ft [9] .
As shown in Figure 8 , put the transducer in water and set the focus on the surface water. Start the system, under the action of ultrasonic radiation, can observe a drop of water bounce. Figure 9 shows the energy distribution of the ultrasonic generated by the 1MHz phase array transducer (the ultrasonic outlet is located at 0 mm at Z Axis and the image is a sagittal plane).
CONCLUSIONS
A dedicated ultrasound generator and arc array transducer for brain stimulation was designed and implemented. The available output power is greater than 50W, ultrasound transducer operates in the band of 100 kHz ~ 10MHz. This system fully meets the requirements of nerve stimulation experiment.
